
Estuaries Vol. 3. No. 4, p. 296-307 December 1980 b m ~  d iq  /dvbulrq 

o+c 301 . 

The Benthos of a Portion of the Sacramento 

River (San Francisco Bay Estuary) 

During a Dry Year 

CLIFFORD A. SIEGFRIED' 
MARK E. I ~ O P A C H E  
ALLEN W. KNIGHT 
Hydrobiology Luborutory 
Department of Land, Air and Water Resoi~rces 
University of California 
Davis, Culforniu 95616 U.S.A. 

ABSTRACT: Early in 1976 benthic studies were initiated in a 20 kilometer long portion of the West- 
ern SacranlentoSan Joaquin River Estuary. Water quality determinations indicated little vertical 
o r  horizontal differences in pH, temperature, o r  dissolved oxygen concentration within the study area. 
Low river outflows allowed the encroachment of seawater into the study area, an area normally 
exposed to fresh or  slightly brackish water. The sediment compositioll changed dramatically at nlost 
stations during the year, being dominated by sands early in the year but by silts and clays in late 
summer. The shift in sediment composition was accompanied by an increase in grease and oil and 
metals content. 

The benthic community of the study area was generally dominated by the Asiatic clam (Corbicula 
rt~anilerrsis), Maco~na balthica, oligochaetes, the amphipods Coropirium stinlpsoni and C. spinicorne, 
nematodes, and a spionid polychaete, Boccardia ligerica. These taxa comprised 98% on average of 
the total benthic macroinvertebrates collected a t  each study site. m he benthic assemblages of each of 
the stations were generally very similar,to one another. Faunal similarities and changes in benthos 
composition were related to substrate;fon~position and salinity incursion. In  general, the upstream- 
channel stations had higher abundance of benthos than the other stations in the study area. Total 
benthic abundance was lowest at  the downstream end of the study area: Total standing crop peaked 
in June and was lowest in November. Our  studies indicate that the most important factors controlling 
the size and species composition of the benthos of the study area a re  salinity and sediment composition. 

The San Francisco Bay-Delta Estuary is 
one of the most important aquatic resources 
in California. It is a region rich in industrial, 
agricultural, recreational, and aesthetic re- 
sources. Kiiowledge of the dynamics of the 
estuarine communities is limited and must 
be expanded so that ecologists can develop 
information to provide managers with the 
best possible information for intelligent re- 
source management. 

Early in 1976 a study of the macrobenthic 
community was initiated in the Sacramento 
River portion of the Bay-Delta (Fig. 1) to 

I Present ;~ddress:  Biological Survey, St ;~tc Museum 
and Science Service, Albany, New York 12230. 

provide a generalized indication of environ- 
mental conditions. The study coincided with 
a period of unusually low river flow (fourth- 
driest year on record) and, simultaneously, 
with encroachment of salt water into regions 
normally exposed only to fresh or slightly 
brackish water. 

Most previous s~tldies of the Bay-Delta 
benthos were conducted as general surveys 
of relative1 y large geographic areas (e.g., 
Filice 1954a, 1954b, 1958, 1959; Storrs, et 
al. 1966; Painter 1966; Hazel and Kelley 
1966). Although comparisons are difficult to 
impossible to make because of differences 
in techniques and taxonomic 'determina- 
tions, it is apparent that several factors, in- 
dividually or in combination, are important 
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Fig. 1. Location of study sites in Sacramento River Estuary. 

in determining the distribution of benthic 
macroinvertebrates in the Bay-Delta sys- 
tem. Other than perturbations introduced 
by man, the most important environmental 
characteristics appear to be salinity, sub- 
strate composition, and current (Nichols 
1973). 

This study was made possible by a series 
of gifts to the University of California from 
Dow Chemical Company, Pittsburg, Cali- 
fornia. We thank the personnel of Dow 

, Chemical Company, especially D. Bauer, 
R. Beemer, and K. Otero, for assistance 

a during the study. Additional funding was 
provided by a grant from the California 

I Water Resources Council. We also thank 
I .  Arthur, M. D. Ball and R. Brown for their 
interest and assistance during the study and 
for their review of an early draft of this pa- 
per. Special thanks are due W. Lie and the 
staff of the California Academy of Sciences 
for providing taxonomic verification of the 
organisms collected during this study and 

: to F. H. Nichols, V. S. Kennedy, and an 
anonymous reviewer for their helpful re- 

i view of the manuscript. The senior author 

also wishes to thank the Biological Survey, 
New York State Museum and Science Ser- 
vice, for support during the final phases of 
manuscript preparation. 

Materials and Methods 
Seven sites in the Western Delta ranging 

over -20 kilometers were selected for 
study (Fig. 1). Stations MI, M3 and M7 are 
near midchannel, and all average about 9 m 
deep (over tidal cycle). Stations M2, M5 and 
M6 are near shore, respectively averaging 
about 1, 1 and 5 m deep. Station M4, near 
the center of  herm man Lake, was about I 
m deep. 

Water-quality information, i.e., water 
temperature, salinity, pH, and dissolved 
oxygen, #was obtained from the California 
Department of Water Resources (DWR). 
DWR water-quality determinations in the 
study area are made on a monthly basis in 
winter, and biweekly during spring through 
fall. Details of DWR methodology are pre- 
sented in their annual water-quality data 
report (e.g., California Department of Water 
Resources, 1977). The above characteristics 
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Metal Content (rndkg dry wt.) 

'.. tions. The ra 
: faunal homo! 

P~ysicoc  
* N . D .  = not detectable. 

ed on six dates in 1976 (Table 1) at all sta- delivered to Dow Chemical's Laboratory 
tions with a Ponar grab sampler. Of the five for determination of oil and grease content, 

ately in large polyethylene hags and pre- grease content was determined by the mod- 
served with buffered formalin (lo%), and ified Soxhlet extraction method for sludge 
the fifth was divided among three containers samples (APHA 1971). Metals were deter- 
provided and prepared by Dow Chemical mined by atomic-absorption techniques. 
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TABLE 2. M: 
to above 22 "C in July and early August, Delta. January- 
declining with cloudy wcnthc~ i n  early Au- 
gust, and increasing again in late August, 
approaching 23 "C. pH ranged from about cot 

Nema 

Class 
Nel 

seawater into the study area. Boc 

Class 

discharge. Low summer discharge allows Tut 

salt water to move frod San Francisco Bay 
upstream into the Delta. High winter and Hir 
spring tlischnrges reducc the intrusion of s ; ~ l ~  

composition at many stations was not stable from about May on (salinity range -1-7%). 
but changed dramatically during a seasonal This presumably led to increased deposition 
cycle (Fig. 3). Sand substrata appear to be of fine sediments in the study area. Station 
characteristic of the San Francisco Bay Es- M7, near Chipps Island, was the only sarn- 
tuary east of Carquinez Straits under normal ple site to retain predominantly sand sedi- 
flow conditions (Filice 1954b). Previous ments throughout the study period. That 

summer, silts and clays dominated the sed- related (a! = 0,.01) with substrate composi- 
, 7  

iments of the study area. The accumulation tion. Sediments dominated by sand, e.g., .' 

of line sediments in this portion of the Es- site M7, were low in metals content, where- 
tuary may result from the tendency for in- as'those high in silt and clay or organics 
creased flocculation, aggregation, and set- were high in metals content. This results 
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Delta, January-Novcrnbcr 1376. 

Phylunl Coelenterata 
Class Hydrozoa 

Oligochaeta spp. (undetermined) ' 3 Parapoxus millari Thorsanson, 1941 
Class Hirundinea i j  Cratrgot~ frat~ciscorto~i Stirnpson, 1859 

Hirundinea sp. (undetermined) 
Phylum Mollusca 

omposition of  sub- Class Bivalvia 
sites, January-No- 
annef stations are 

Phylum Arthropoda 
Class Crustacea 

Ostracoda C l r l q < ~  &. p. /-./-..,iL.1 ) 8 Bnlatirts sp. 
Neot~iysis r?~erccdis Holrnes, 1897 Tabnnidae 

stone 1971). The concentrations of metals Stations M4 and M7 than from the other 
in the sediments of the study sites do not sites, possibly as a result of low habitat di- 

' the entire Estuary. 
spi11icorn8"were also among the dominant 
species at some stations. (The two species 

BENTHOS of Corophilrm were separated on the basis 
Comtnutzity Structure. Macroinverte- of morphology of the second antennae, the 

brates belonging to more than 30 genera, in- rostrum, and setal patterns and the identi- 
cluding representatives of both the epifauna fication confirmed by J .  Chapman of the 
and the infauna, were identified from benthic California Academy of Sciences, San Fran- 

, samples obtained in the study area from Jan- cisco.) 





, January-November 

Nov Total 

The benthos of each station experienced 
changes in  dominance that are thought to 
be associated with changes i n  salinity and 
sediment type (Fig. 4). The benthos at the 
most downstream site, M7, was dominated 
by Corbicula 117anile~~si.s and oligochaetes 
throughout the year (Fig. 4). Amphipods 
were never abundant at this site, possibly 
because of heavy scour by strong current. 
The composition of the benthos at the up- 
stream, deep stations, M1 and M3, changed 
dramatically during the year (Fig. 4). In Jan- 
uary, when the sediments of both sites were 
dominated by sand (Fig. 3) ,  C. .slit~p.\o~ri 
dominated the benthos at Station M 1 ,  and 
Corbicrrl~ n~~ni lens is  and oligochaetes at 
Station M3. By March, the sediments at site 
M3 had become a fairly even mixture of 
sand, silts and clays, and C. spit~icorne and 
Corbicula n7arzifensis dominated the ben- 
thos. At Station M1 in March, C. sfi~npsoni 
remained the dominant benthic organism 
and the sediments were still primarily 
sandy. By June the sediments at Station M3 
were dominated by silts, and C. spinicortze 
accounted for more than 75% of the macro- 
invertebrates present in the benthic samples 
from the site (Fig. 4). In June, at station MI 
the silt and clay content of the sediments 
had increased considerably, and C. spini- 
corne became the dominant amphipod (50% 
total benthos) although "C. sti117pso11i re- 
mained a significant portion of the benthos 
(33%). By August, silts dominated the sed- 
iment of both sites and the benthic com- 
munities were dominated by oligochaetes. 

, In  September and November the polychaete 
Bocctrrtlicr ligc~ric(~ dominated the benthos 
of site M3, while oligochaetes continued to 
dominate at MI.  The virtual elimination of 

I Corophium from those sites by September 
appears to be related, at least in part, to the 

' incursion of saline water into theDelta (Ha- 
zel and Kelley 1966). 

Both shallow, near-shore stations (MZ : and MS) had fairly even representation by 
C. stimpsoni, C. tnanilensis, and oligo- 
chaetes in the January benthos, but by June 
and continuing through November were 
dominated by oligochaetes (Fig. 4). At sta- 
tion M6 the sediment chiefly comprised silts 
and clays, and oligochaetes were the dom- 
inant benthic forms throughout the year 
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ities were low and the sediments had a sig- 
nificant amount of sand, C. .s/inrpso~ri was 
a dominant member of the benthic com- ' 

munity at this site. Maco117a balthica be- 
came a significant component of the benthic 
fauna at Station M6 in June and continued 
to be a dominant member of the community 
through November. Prior to June, M. bal- 
tkicn was not collected at any of the study 
sites. 

The benthos of Sherman Lake (Station 
M4) was dominated by C. srirnpsoni from 
January through June and by oligochaetes 
from Aug~~s t  through November. Station 
M4 was the only site at which C. .srin~psoni 
was present throughout the year. This per- 
sistence throughout the year at Sherman 
Lake does not appear to be due to unique 
substrate conditions as C. stin7psoni re- 
mained abundant throughout the year in 
spite of changes from sand to silt to sand- 
dominated substrate. Salinity incursion also 
occurred in Sherman Lake. However, lim- 
ited information suggests that salinity fluc- 
tuations in Sherman Lake during tidal ex- 
change may be less extensive than the 
fluctuations occurring in the river channel 
(Siegfried, et al. '1978). Interactions with 
other conditions, such as reduced current 
velocities in Sherman Lake, may enhance 
the Sherman Lake environment for C. 
srimpsoni. 

The results of cluster analysis based oil 
the index of affinity are presented in Fig. 5. 
In January all stations except M6 clustered 
above the 70% level of affinity. M6 was the 
only station at which oligochaetes and C. 
.sti~tlp.so~ri were equally dominant members 
of the benthic fauna. The January faunal 
clusters were apparently influenced by sed- 
iment composition. Station M6 was the only 
site at which sand did not compose the major 
portion of the sediments. 

I n  March the benthos of all stations were 
fairly similar, being composed chiefly of C. 
stinzpsont,' Corbicsrla tnanilensis, and oli- 
gochaetes. In June two distinct clusters 
were evident. Stations M1 and M3, being 
the only stations dominated by C. spini- 
corne, thus formed a separate cluster. Oli- 
gochaetes composed >70% of the benthos 
at the remaining stations (except M4) in 
June, and these stations formed a tight clus- 
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In August and September all stations ex- before declining. The greatest increase in at M1 in Septe: 
cept one were dominated by oligochaetes benthic abundance was at the upstream ber. In general 
and formed clusters above the 70% level of channel stations, M3 and MI.  At Station M3 tions, M I  and i 
affinity. In August, Station M4 was domi- benthic abundance increased from fewer of benthos tha 
nated by C. stitnpsot~i (in August C .  stit17p- than 2,300 organisms rn-qn January to over 

at site MI  in Ju 
the dominant form based on the "biological m-' , resulting in the highest mean abun- was also relati\ 
index"). In September, Station M3 was dance recorded at any station during this than M7 in Mar 
dominated by Boccardia ligerica. In No- study. Abundance at Stations MI and M3 at the most-do 
vember, Stations M2 and M3, dominated by dropped precipitously in August and con- M6) by June. A 
B. ligerico, clustered separately, while the tinued to decline a tM1 in September. Abun- ulations of C. . 
remaining stations clustered in order of de- dance at all stations except M3 was lowest at Station M4. 
creasing oligochaete composition. in November. The lowest recorded benthic 

Benthic Abundance. Benthic abun- abundance was from samples collected at 
dance at the near-shore stations (M2 and Station M7 in November. 
M5) and at Station M6 generally declined Estimates of the precision of benthic as Station M3. 
from january to November (Fig. 4). Abun- abundance determinations suggest that al- 
dance remained low through the year at though four benthic samples are generally ities would be I 

Chipps Island (M7), whereas at Sherman sufficient for determining benthic abun- limit for both 
Lake (M4) it increased to an August peak dance at channel stations or other fairly ho- cort~e.  The an 
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TABLE 4. Homogeneous subsets* (HS) of benthic 

No Significant Difference 
HS2 HSI HS3 HS3 

abundance reflected in samples collected at 
mogeneous habitats, (M7, MI,  M3, M4), Sherman Lake (M4) may be indicative of its 
more are required at near-shore stations "normal" dynamics (Fig. 4). The popula- 
(Siegfried, et al. 1978). Therefore, only tion in Sherman Lake was relatively low in 
mean abundances at Stations MI, M3, M4 spring, peaked in early summer, and re- 
and M7 were examined each month by Dun- mained high before dropping to a wintertime 
can's multiple-range test (Steele and Torrie low. 
1960) to determine statistically significant The seasonal abundance of C. tnanilensis 
differences in abundance (Table 4). In Jan- a t  each study site is also indicated in Fig. 
uary, differences in abundance were not 4. The population peaked in March at all 
statistically significant (at = 0.01). In March, stations and then declined dramatically. In 
benthic abundance was significantly (a = earlier studies near Station MI, C. mani- 
0.01) greater at Station M3 than at any other letzsis density peaked between January and 
station, and in June abundance was greater March (Fisk and Doyle 1962; Hazel and 
at Station M1 than at any other station. June ' Kelley 1966) and was very low from April ry-November 

right. Roman abundances were also somewtiat higher at through November. That is in essential 
M3 and M4 than at other stktions.   bun- agreement with the present finding, al- 
dance was highest at Station M4 in August, though the population estimates differ by an 
at M1 in September, and at M3 in Novem- order of magnitude. Corbicula density 
ber. I n  general, the upstream channel sta- reached a maximum of 312 m-2 in the 1960- 
tions, M1 and M3, had greater abundances 61 study (Fisk and Doyle 1962), and in the 

iom fewer of benthos than the other stations in the present study the maxima ranged from 
study area during 1976. -2,000 m-2 at Station M7 to nearly 14,500 

C. stitnpsotzi population density peaked m-2 at Station M3. March appears to be the 
at site MI in June of 1976 (-14,500 m-7 but peak recruitment period of Corbicula, ap- 
was also relatively high at all station's other parently from fresh water, since large num- 
than M7 in March but declined precipitously bers of young clams were present both in 

as Station M3. Previous studies (Hazel and water in the Sacramento River study area 
Kelley 1966) had suggested that such salin- were the most important factors controlling 
itics would be near the downstream salinity benthos composition and abundance. Salini- 
limit for both C. stimpsoni and C. spitzi- ty and, substrate appear to be the controlling 
corne. The annual cycle of C. stitnpsoni factors throughout the San Francisco Bay 



C. A. Siegfried, el al. 

I 'ACHE. 1978. El 
Sacramento-Snn J 
Department of L 
Water Science a 
University of Cal 

of Numerical Ta 
Freeman and Co. 

mu nit^ was low and abundance. aptation to copper. J. M n r .  Biol. Ass. U.K. 51:845- 
This is consistent with earlier studies of the 863. 

, Bay-Delta which indicated a faunal break C A I - I F O I ~ N I A  DEPAR.I.MEN.I. OF WATER RESOURCES. 

at carquinez Straits. stations east of car- 1977. Sacramento-San Joaquin Delta Water Quality 
Surveillance Program 1976. 304 p. quinez Straits, particularly river stations, DAY, P, F. 1965. Particle fractionation and particle 

have been found to have generally lower size analysis. It1 C. A..Black (ed.), Methods of Soil 
benthic biomass than those west of the An:llysis. Part I .  Amer. Soc. Agron., Mildison, Wis- 
Straits (Filice 1956b; Storrs, et al. 1966). \ cofl"11, 545 p. 

interestingly, the water c o l u m n  of the FILICE.  F. 1954a. An ecological survey of the Castro 
Creek : I ~ C ; I  in Son P;~blo B;ty. Wtr.r~trrrtr~r .lorrr. f3iol. 

upstream end of the mixing zone of the San 12(1):1-24. 
Francisco Bay-Delta (1-7%0) is one of the - . 1954b. A study of some factors affecting the 
most productive areas of the upper estuary. bottom fauna of a portion of the San Francisco Bay 

phytoplankton populations, chlorophyll, Est~lary. Wosr~irrtrtr Jorir. Biol. 12(3):227-292. 
. 1958. Inverlebrates from Ihe estuarine portion 

z o o ~ l a n k t O n *  and particulate and of .@,an Francisco Bay ;1nd some factors influencing 
inorganic materials are all higher in this their distribution. Wasr~lurltl Jorrr. B ~ O I .  16(2):159- 
area, the "entrapment zone," than in ad- 211. 

jacent Upstream or downstream areas (Ar- - . 1959. The effect of wastes on the distribution 
of bottom invertebrates in San Francisco Bay Es- 

food availability to deposit feeding'benthos. Hydroci~rbon Contamination in Selected Sari Fran- 
Regulation of Delta outflow to ret'ard salinity cisco Bay Estuary Shellfish. Final Rept., S.F. Bay 

HAZEL, C. R., A N D  D. W. KELLEY. 1966. Zoobenlhos 

of the mixing zone. 
Geological Survey Circ. 667, 20 p. 
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